The high-resolution Fourier transform spectra of the DOCl molecule were recorded and analyzed in the region of the ν 1 and 2ν 2 bands. Transitions belonging to the ν 1 and 2ν 2 bands were assigned up to J max = 55 and 46, respectively. The sets of spectroscopic parameters of the (100) and (020) 
INTRODUCTION
The study of hypochlorous acid is of great interest because of its probable important role in the balance of stratospheric ozone in polar regions (see, e.g., (1) (2) (3) and references therein). Therefore, laboratory spectroscopic investigations of this molecule are of interest too. As a consequence, HOCl spectra were studied extensively, (see, e.g., (4) (5) (6) (7) (8) (9) (10) ) and its intramolecular force field was theoretically estimated (11) (12) (13) (14) (15) . At the same time, there were only a few investigations devoted to analysis of the spectra of deuterated hypochlorous acid (4, (16) (17) (18) . The infrared spectra of DOCl were recorded, for the first time, by Hedberg and Badger (4) at low resolution and later by Ashby (16) at medium resolution. In Ref. (17) Mirri et al. reported four microwave transitions. In 1987 Deeley (18) presented the results of the high-resolution analysis of all three fundamentals. In that case, the sets of spectroscopic parameters were determined both for the ground vibrational state and for the (100), (010), and (001) excited states.
At the beginning, the goal of this study was high-resolution spectroscopic analysis of the 2ν 2 band of the DOCl molecule. However, we found that the experimental opportunities allowed us not only to analyze the 2ν 2 band, but also to improve the spectroscopic information both on the ground vibrational state and on the (100) state. As a consequence, the results of the analysis of the rotational energies of the (000), (100), and (020) vibrational states, which were derived from the experimentally recorded high-resolution spectra of the ν 1 and 2ν 2 bands, are presented in this paper. Section 2 is devoted to experimental details. Assignment of the recorded transitions and determination of the ground state parameters is considered in Section 3.
The rotational structure of the upper (100) and (020) vibrational states is discussed in Section 4.
EXPERIMENTAL DETAILS
The DOCl sample was prepared as described in Ref. (19) by substituting D 2 O for H 2 O. The spectra were recorded at room temperature with a Bruker IFS 120HR Fourier-transform interferometer (Hefei, China), which is equipped with a path length adjustable multipass gas cell. For the 2ν 2 band, a CaF 2 beam splitter and a Globar source were used. Two detectors, liquidnitrogen-cooled MCT and InSb, were used for the ranges below and above 1800 cm −1 , respectively. The unapodized resolution was 0.01 cm −1 , and the Norton-Beer Medium apodization function was adopted in the Fourier transform. The mixed gas pressure 840 Pa and the absorption path length 69 m were used in the measurement. The line positions were calibrated with those of the H 2 O in the HITRAN 96 database. The accuracy of the unblended not very weak and unsaturated lines was estimated to be 0.0006 cm −1 . For illustration, a small part of the spectrum is presented in Fig. 1 . For the ν 1 band, a KBr beamsplitter, a Globar source, and a liquid-nitrogen-cooled InSb detector were used. The mixed gas pressure and absorption path length were 166 Pa and 51 m, respectively. The unapodized resolution was 0.005 cm −1 , and the Norton-Beer weak apodization function was used in the Fourier transform. Many HDO lines were observed in this spectral region, which enables us to calibrate the line positions by comparing them with those listed in the GEISA 97 database. The accuracy of the unblended lines for this band was estimated to be 0.0003 cm −1 , which is a little bit higher than the corresponding value (0.0005 cm Ref. (18) . It should be mentioned that in our measurements we found the half-life of DOCl to be longer than 4 h, while Ref. (18) gives a value of only 2 min. Thus we were able to easily carry out more scans (for instance, 180 scans for the ν 1 band) to record transitions with higher values of the quantum number J and to achieve higher accuracy in line positions than in Ref. (18) . Three small pieces of the recorded spectra are shown in Figs. 1-3 
ASSIGNMENT OF TRANSITIONS AND GROUND STATE PARAMETERS
DOCl is a near-prolate asymmetric top molecule with the C s symmetry, and any of its three vibrational coordinates is of the A type. As a consequence, any of the vibrational-rotational bands contains absorption lines arising from transitions of two types, a and b. In fact, the bands analyzed in this work, ν 1 and 2ν 2 , show both a and b structures with comparable linestrengths.
The first step of the study began with the assignment of transitions belonging to the 2ν 2 band. Transitions were assigned on the basis of the ground state combination differences method, and the ground state parameters (I r representation, A-reduction) were taken from Table I of Ref. (18) . In this case, we found that the transitions with considerably higher values of quantum number J can be assigned in our experimental spectra. So it was expected that ground state combination differences with higher values of quantum number J than those in Ref. (18) can be constructed on the basis of the assigned transitions, and as a consequence, the ground state parameters can be slightly improved in comparison with the parameters of Ref. (18) . On this reason, the ground state combination differences were reanalyzed. To make the ground state combination differences obtained from the 2ν 2 band more correctly, we reanalyzed the ν 1 band as well.
As a result of the analysis, 2398 transitions with the quantum numbers J max = 55, K max a = 9 and 2015 transitions with the quantum numbers J max = 46, K max a = 7 were assigned to the ν 1 and 2ν 2 bands, respectively (statistical information concerning the studied bands is given in Table 1 ; Figs. 1-3 show small parts of the recorded spectra with the assignment of some sets of transitions). For comparison, it should be noted that in Ref. (18) transitions with J max = 40 and K max a = 8 were assigned to the ν 1 band.
On the basis of transitions assigned from the bands ν 1 and 2ν 2 , more than 4000 ground state combination differences 
here J Table 2 together with their 1σ statistical confidence intervals. For comparison, earlier data from Ref. (18) are shown in column 3. It shows good correlation between our results and the data from Ref. (18) .
We believe that our parameters are physically meaningful, because they reproduce the ground state combination differences, which correspond to high values of the quantum number J , with a mean accuracy of 0.0005-0.0006 cm −1 , which is close to experimental uncertainties. The four microwave transitions from (17 ) are reproduced with our parameters with experimental accuracy as well.
UPPER VIBRATIONAL STATES (100) AND (020)
At the second step of the study, rovibrational energies of the vibrational states (100) and (020) were obtained from the Table 1 ). The energies obtained are presented in column 2 of Tables 3 and 4 . In this case, since the energies
, 7, 8, and 9) of the states (100) and (020), which derived from the experimental data are equal in pairs, Tables 3 and 4 present only one energy from any pair.
Before the fitting of the obtained energies, analysis of possible resonance interactions may be interesting and useful. As can be seen from Table 3 of (15), the 2ν 2 band of the DOCl molecule is located far from any other vibrational band. As a consequence, the Hamiltonian in the form of Eq. [1] is suitable for description of its rovibrational structure. However, the ν 1 band (the band center is 2665.58 cm −1 ) is located very close to the other band, namely, 3ν 2 (in accordance with (15) , the band center is 2702.8 cm −1 ). Rotational and centrifugal distortion parameters of the (030) state can be estimated very easily on the basis of the known information about the corresponding parameters of the (010) state from Ref. (18) and the ground state and (020) excited state from the present study with the simple equation
where P 0v0 is any of the rotational parameters (A, B, C) or the centrifugal distortion parameter of the Watson-type Hamiltonian in Eq. [1] for the vibrational state (0v0); P 000 is the corresponding parameter of the ground vibrational state; coefficients p 1 and p 2 describe the vibrational dependence of the rotational and centrifugal distortion parameters. In this case, in accordance with the general principles of the rotational-vibrational theory (see, e.g., Refs. (20, 21) ), it must be fulfilled that P It should be mentioned that the values of the P 030 parameters were estimated in two different ways. On one hand, all three type parameters, P 000 , p 1 , and p 2 , were estimated from the experimental values of the corresponding parameters of the (000), (010), and (020) vibrational states. On the other hand, the values of p 2 were omitted and pairs of the parameters P 000 and p 1 were estimated from the fits of triads of corresponding parameters of the (000), (010), and (020) vibrational states. Then both sets of the estimated parameters were used to estimate the values of energies of the (030) vibrational states. It should be noted that calculations gave close results in both cases. In this case, it was found that for any set of energies
with the fixed value of the quantum number K a ) the possibility of resonance interaction between the (100) and (030) vibrational states is very small except for the set E [J,K a =2,K c =J −2] (100), which is crossed with the set E [J,K a =1,K c =J ] of the (030) vibrational state at a quantum number J close to 29-30 (see Table 5 ). As a conclusion, it is possible to expect the appearance of the Coriolis type resonance interaction in the experimentally recorded spectrum. And actually, if one will fit the only set of energies
of the (100) state, minor peculiarities can be seen for the energies E [30, 2, 28] , E [31, 2, 29] . But these peculiarities (their values are about 0.0015-0.0020 cm −1 ) are only a little bit larger than the experimental uncertainties, so we did not succeed in the attempt to assign the corresponding transi- tions belonging to the 3ν 2 band caused by the resonance interactions. Finally, rovibrational energies of both the (100) and (020) states were fitted with the Hamiltonian of an isolated vibrational state, Eq. [1] . Parameters obtained from the fit are presented in columns 3 and 6 of Table 6 together with their 1σ Table 2 . One can see that our set of parameters of the (100) state correlates with the corresponding set of parameters from Ref. (18) . At the same time, it should be mentioned that our parameters reproduce the experimental line positions, which correspond to higher values of quantum number J , with better accuracy. For an illustration, column 3 of Table 7 presents some experimental line positions of the ν 1 band. The column 4 of that table shows the differences = ν ex p. − ν calc. , where ν calc. are the values of corresponding line positions calculated on the basis of our parameters from columns 2 and 3 of Table 6 . Results of calculations with the parameters from Ref. (18) are given in column 5 of Table 7 .
We believe that the parameters of the states (100) and (020) obtained in the present paper are meaningful in physics because:
(1) Both the parameters of the (100) state and the parameters of the (020) state (with the exception of A, K , δ K , H K , and h K ) are close to the values of corresponding parameters of the ground vibrational state. At the same time, parameters A, K , δ K , H K , and h K are increased anomaly strongly with the increasing vibrational quantum number v 2 , i.e., they show the behavior which is typical for bands belonging to a "soft" bending vibration, Ref. (21) .
(2) The set of parameters derived from the fit reproduces the initial "experimental" upper energies with the accuracies close to experimental uncertainties (for illustration, see the statistical information in columns 6-8 of Table 1 and column 4 of Tables 3  and 4 ).
CONCLUSION
The high-resolution Fourier transform spectra of the DOCl molecule were recorded and analyzed in the region of the ν 1 and 2ν 2 bands. Transitions belonging to the ν 1 and 2ν 2 bands were assigned up to J max = 55 and 46, respectively. On this basis, a set of the ground state rotational and centrifugal distortion parameters was determined. The sets of spectroscopic parameters of the (100) and (020) vibrational states obtained from the fit reproduce their rovibrational energies derived from the experimental data with the accuracies close to experimental uncertainties.
